The vertical frictional loads imposed by wheat on five different temperature cables in a model and full-scale bin were measured. tests were conducted to determine the influence of radical positioning of the cable, grain discharge rate, and surface characteristics on the vertical frictional loads. qualitative and quantitative comparisons were made between the model and full-scale temperature cable loads. a scale factor was developed by a similitude analysis and was statistically verified by data. 
INTRODUCTION
O ne of the most popular methods of determining potential locations of spoilage in stored grains is through constant monitoring of the internal temperatures of the grain mass. A common method of monitoring temperatures in a mass of stored grain utilizes thermocouples attached at regular intervals to high-strength steel cables. Temperature sensing cables are available in many types, differing in surface material, size and cross-sectional shape. These cables are typically suspended from a grain bin roof in a standard pattern so they form a three-dimensional matrix of temperature monitoring points.
These cables are subject to vertical frictional loading during filling, storing and emptying operations. Since these cables are typically supported by the roof of a grain bin, designers require guidelines for estimating the magnitudes and characteristics of the vertical loading. The loads imposed on temperature sensing cables have caused localized failures in certain components of grain bins as reported by Wickstrom (1980 
EXPERIMENTAL METHODS
Tests to determine the variation in the vertical frictional loads on temperature cables in both model and full-scale grain bins were conducted using five different types of temperature cables (see Table 1 and fig. 1 ). All cables are commercially available and vary with respect to cable diameter, surface characteristics, and cross-sectional areas. Experiments were conducted in a smooth-walled galvanized steel full-scale bin, 4.1 m in diameter, and in a corrugated-walled, galvanized steel model bin, 0.9 m in diameter. Both bins were flat bottom bins equipped with a centric filling spout and centric discharge orifice. Three identical temperature cables were located at 0.14, 1.02, and 1.63 m from the center of the full-scale bin and 0.03, 0.23, and 0.37 m from the center of the model bin. These positions represent approximately 7, 50, and 80% of the bin radius (see fig. 2 ) and will be referred to as the center, midway, and wall positions, respectively.
The temperature cables were suspended from load transducers which measured the magnitude of the vertical fiictional load with an accuracy of ±5.6 and ±0.5 N for the full-scale and model bin tests, respectively. The cables were suspended in the bin above the static grain mass formed by the angle of repose so the entire cable surface was exposed to flowing grain during the emptying process. During filling of the bin, lateral movement of a cable was restrained by a piece of twine that was attached to the bottom of the cable and passed through the bin floor and fixed. The twine was attached to the temperature cables with an attaching lug which had a cross-sectional area smaller than the cable. This minimized any additional loads resuhing from the attaching mechanism. The twine was untied prior to the dynamic portion of the test to allow free movement of the cables during emptying. The addition of twine to the cable had a negligible effect on the measured load of the cables. Tests were conducted at different discharge rates to determine their effects on the vertical frictional loading. In the full-scale bin, tests were conducted for the five types of cables at a discharge rate of 84.3 m^/h. Additional tests were conducted with cable 3 at discharge rates of 36.3 and 173.6 m^/h. The model bin tests were conducted for the five types of cables at discharge rates of 1.9 and 3.9 m^/h. The model bin discharge rates were selected so the average vertical grain velocities on the cables in the model bin would be similar to the full-scale bin velocities. Solving for 6 unknowns, the values for c2 and c3 are arbitrarily assumed to be 1. The determinant of the remaining coefficients must not equal zero for the equations to be independent. The selection of the values for c2 and c3 yielded a determinant which is not equal to zero. Individual K terms are evaluated by assuming one of the coefficients equal to unity and solving equations 3a and 3b for c2 and c3 and then substitution of the coefficients into equation 1. The first JC term is evaluated by assuming cl equals 1. The auxiliary equations 3 becomes F:l+ c3 = 0 L: + c2 -3c3 = 0 which reduces to c3 equal to -1 and c2 equal to -3. The coefficients are then substituted into equation 1 which yields:
